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In  a previous paper, (l), data have been given on the 
intensity and spectral distribution of solar radiation at 
New Orleans from the beginning of 1928 through the first 
half of 1932, including measurements of total radiation 
(direct and diffuse, sun and sky) on a horizontal lane for 

report (2) extended these data to cover 1933. 
The present paper summarizes the data for the 10-year 

period 1931 through 1940. The work was aided b grants 

Tulane University. 
The methods and procedures b which the values were 

this period except that in September 1939 the Richard 
recording millivoltmeter used in conjunction with the 
Eppley pyrheliometer for the continuous measurement of 
total radiation on a horizontal plane was replaced by a 
Leeds and Northrup recording potentiometer. For the 
most part, measurements of solar radiation at normal in- 
cidence and its spectral distribution-ultra-violet, lumi- 
nous and infra-red-were made at  10 a. m., 12 in. and 2 
p. m. on days when the sun was unobscured by clouds or 
haze. Measurements were also made at the same times 
of the spectral distribution of the total radiation, direct 
and diffuse, and of the diffuse sky radiation only, as re- 
ceived on a horizontal surface. Spectrograms to show 
the short-wave-length limit of the spectrum were also 
taken at  these times. The determinations for 1931 were 
made from a tower about 40 feet above sea level built on 
the roof of a small building adjacent to the lakorato ; 

from a better location on the roof of the laborato build- 
ing about 100 feet above sea level. This buz ing  is 
situated on the college campus about 4 miles from the 
business center, a t  latitude 29’56’ N., longitude 90’7’19”, 
and in an atmosphere reasonably clear of smoke and dust. 

7 months in 1931 and for 8 months in 1932. A su E sequent 

from the David Trautman Schwartz Research i$ und of 

obtained have remained essentia iI y the same throughout 

since January 1932, the measurements have been ma x e 

SOLAR RADIATION INTENSITIES AT NORMAL INCIDENCE 

The averages intensities for the 10-year period are given 
in table 1. The values were calculated from a t  least 1 
monthly determination for each of the 10 years, except for 
July and August when no measurements were made in 
1934, 1935, 1936, 1938, and 1939. It is evident from these 
data that a t  10 a. m. and 2 p. m. the solar radiation in- 
tensity a t  normal incidence throu hout the year is close 

meter per minute, while a t  noon the value is usually 
definitely above this level. This highest value recorded 
during the 10-year period was 1.501 gr. cal. per sq. cm. 
per minute a t  noon on March 7, 1931. 

to or slightly exceeds a gram-caorie K per square centi- 
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TOTAL RADIATION ON A HORIZONTAL P L A N E ’  

The values given in table 1 represent more or less 
momentary measurements of the amount of energy present 
in direct solar radiation on relatively clear days, which in 
New Orleans are only about a third of the days in the year. 
I n  table 2 are given the hourly averages of total radiation 
(direct and diffuse) for the different months of the year as 
calculated from the continuous records obtained with the 
Eppley pyrheliometer. No records were obtained in Janu- 
ary, February, October, November, and December of 1931, 
and September and October of 1939. Records for occa- 
sional days or parts of days are incomplete because of 
difficulties with the recording apparatus. Otherwise the 
averages represent values calculated from the continuous 
daily records for the entire period. The average daily 
totals are given in the last column and are plotted as the 
mean curve in figure 1. This graph also shows the varia- 
tion in the average daily total radiation for the different 
years of the 10-year period. Analysis of these values shows 
that in general they reflect the gradual change in solar 
altitude during the year as modified by variations in the 
clearness of the sky. This is particularly manifest in the 
maximum value for June 1936 during which month the per- 
centage of sunshine (86 percent) was the highest obtained 
throughout the entire period of 10 years; the average 
cloudiness (in tenths of clouded sky) 3.5 was the lowest 
value obtained for the period with the exception of 
October 1940 when i t  was 3.1. 

The close correlation between the percentage of sun- 
shine (average ercent of possible sunshine hours as 
obtained from $eather Bureau records), average cloudi- 
ness, and total radiation are shown in fi ure 2. The curve 

clouds covered 0.3 or less o P the sky. Of particular inter- 
est is the drop in the amount of sunshine and in total 
radiation during July and August which, as shown in 
figure 1, is often quite marked. This finding was discussed 
in a previous paper (2) and was shown to be characteristic 
of localities situated at about latitude 30’ N. as compared 
with more northern cities. It is chiefly due to the extreme 
distortion of the distribution of rainfall, in the form of 
thundershowers caused by convectional overturning, which 
is characteristic of these months, these showers usually 
occurring during the middle of the day and being preceded 
and followed by a period of several hours of cumulus 
cloud formation. 

designated “clear days” re resents va B ues on days when 

1 Theae values were calculated on the bash of a constant callbration factor for the 
Eppley pyrhellometer; Woertz and Hand (3) have recently reported that this procedura 
involvea some error. Hand (4) included Dart of these data (1936-38 inclusive) in his sum- 
mary of the total solar and sky radiation-measurements made in the United States. 
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FIOWBE 1.-Curves Showing the mean monthly amounts of total radiatlon (dlrect and diffuse) received on a horizontal surface during 1931-40. The mean curve for the 

period is shown by the heavy line. 

Table 3 shows the highest hourly averages as well as the 
highest daily totals found during each year of the 10-year 

Analysis of the daily records shows that particu- 
f::;dduring May and July the radiation intensity fre- 
quently exceeds 1.5 gr.-cal. per s . cm. per minute for 
short intervals, and a t  least once 1 uring each year there 
are momentary readings which exceed 2 gr.-cal. per sq. 
cm. per minute, the highest value which can be registered 
accurately on the recorder used. 

SPECTRAL DISTRIBUTION OF ENERGY 

The average percentage distribution of ultra-violet, 
luminous and infra-red energy in direct sunlight at  normal 
incidence is given in table 4. The absolute values vary, 
of course, with the total radiation, but the percentage of 
each part relative to the total is quite consistent. With 
approximately similar total energy content the red and 
short infra-red energy (620 mp to 1 . 4 ~ )  tends to be higher 
during winter and early spring than in summer and fall; 
the decrease parallels the increase in water vapor pressure, 
which is about two and a half times as high in July as it 
is in January. The longer infra-red (>1.4p) and the 

luminous (400-620 mp) components are relatively con- 
stant, showing only slight changes throughout the year. 

The similarity of the average vdues for the ultra-violet 
are of interest in view of the known variability of this 
component with atmospheric conditions as well as with 
the altitude of the sun. Except for the months of January 
and February, this component comprises from 2.5 to 3 
percent of the total energy during the hours from 10 a. m. 
to 2 p. m. and even during these 2 months occasional high 
values are obtained. In fact the highest value recorded 
during the 10-year period was on January 18, 1933, when 
the ultra-violet component (<400 m p )  was 0.1049 gr.-cal. 
per sq. cm. per minute or 9 percent of the total energy. 

Table 5 is similar to table 4 except that i t  represents the 
spectral distribution of the total radiation, direct and 
diffuse, as received on a horizontal surface. The highest 
percentage values for the ultra-violet tend to occur during 
winter and early spring but the highest absolute amounts 
are usually found in late spring, summer, and early fall. 
The masimum ercentage, 22.5, was obtained at  noon on 
March 6, 1939, k a r c h  22, 1932, and April 22, 1932. The 
highest absolute amount was 0.221 gr.-cal. per sq.cm. 
per minute on the second of these days. 
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TOTAL ENERQY AND SPECTRAL DISTRIBUTION OF SKY 
RADIATION 

The average total energy and spectral distribution of 
the diffuse radiation from the hemispherical dome of the 
sky, determined by shielding the Eppley pyrheliometer 
from the direct sun, are shown intable 6. Throughout 
the year between the hours of 10 a. m. and 2 p. m. the 
sky contributes approximately 10 percent of the total 
(sun and sky) radiation. The presence of clouds in the 
vicinity of the sun, but not obscuring it, considerably 
increases the total contributed by the sky. Thus the 
highest value during the 10-year period, 0.2496 gr.-cal. 
per sq. cm. per minute, was recorded on April 22, 1932, 
at  10 a. m. when the sun was surrounded, but not obscured, 
by cumulus clouds. This represented 26 percent of the 
total radiation at  this time. 

The total energy, in general, rises with increase in solar 
altitude; the increase is distributed chiefly in the ultra- 
violet and luminous regions, each of which tends to show 
higher percentage values in winter than in summer. 
The high ultra-violet content of sk radiation is due to the 

atmosphere. Since, in a perfectly dry, dust-free atmos- 
phere, the scattering is inversely proportional to the fourth 
power of the wave length, the ultra-violet is relativel 

comparison of the mean annual intensities (table 7) shows 
that between the hours of 10 a. m. and 2 p. m. approxi- 
mately 40 percent of the total ultra-violet radiation found 
in sunshine and sk radiation is furnished by the sky. 

violet in sky radiation relative to that in sunshine, the 

fact that it is the diffuse solar r a J  iation scattered by the 

much more increased than the 0th:: components. 1 

There is condderab s e variation in the amount of ultra- 

latter intensity usually being much greater. I t  is of 
interest, however, that during August the ultra-violet 
intensity in radiation from the sky equals or exceeds that 
of sunshine even at  noon. This is probably due, in large 
measure, to the extreme cloudiness which usually occurs 
at  this time of the year. 

ANTIRACHITIC RADIATION 

Considerable interest has centered about the short 
ultra-violet region (wave lengths shorter than 313 rnp) 
of the spectrum because of its eflectiveness in preventin 

as reflecting, more than any other part of the spectrum, 
the local atmospheric conditions at  the tieme of measure- 
ment. The lo-year averages for the different months 
are given in table 8. They indicate that except for 
November and the winter months there is usually the 
equivalent of about 500 microgr.-cal. per sq. cm. per 
minute in solar radiation as measured at  normal in- 
cidence between the hours of 10 a. m. and 2 p. ni. Even 
in the winter months, however, values were obtained, 
particularly at  noon, which equaled or exceeded those 
found at  other times of the year. The highest value was 
obtained on May 6, 1940, at  noon, when the antirachitic 
radiation amounted to 1,890 microgr. cal. per sq. cm. per 
minute (0.00189 gr.-cal.) or 4.1 percent of the total ultra- 
violet component and 0.14 percent of the total radiation. 

In table 9 the monthly averages for the total (sun and 
sky) antirachitic energy as measured on a horizontal 
surface are compared with slmilar averages for sky 
antirachitic radiation only. There is a general t,endency 
for the amounts in sunshine to increase with solar altitude, 

and curing rickets. Its variability has been emphasize % 
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Date 

iug .  12 

Oct. 6 

rune IS 

-- 

July 4 

hpr. 13 

June 16 

May 3 

May 11 

May 3 

May 2 

high values being common in both sun and sky during 
the late spring and summer months. It is of interest to 
emphasize again that at low solar altitudes during the 
fall and winter months the amount of antirachitic radia- 
tion in sky radiation may equal or exceed that in direct 
sunshine. 

The highest value for the antirachitic component in 
sunshine was 3,860 microgr.-cal. per sq. cm. per minute 
on May 30, 1934, at  noon. The maximum value for the 
sky was obtained a t  noon on June 26, 1940, when the 
antirachitic component was equivalent to 972 microgr-cal. 
per sq. cm. per minute or 1.7 ercent of the total energy 
at that time. Ives and G d  (5) measured the total 
antirachitic intensity from sun and sky in New Orleans 
on April 26, 1932, using an uranium photoelectric cell. 
Their noon value of 94.2 microwatts per sq. cni. (1,340 
microgr.-cd. per sq. cm. per minute) was the highest 
obtained in their study of 14 American cities and is to be 
compared with our mean noon value of 1,272 microgr.-cal. 
per sq. cm. per minute for this month. 

Measurement of the short wave-length limit of the solar 
spectrum with a Zeiss quartz spectrograph shows that it 
seldom extends to 300 mp even at  noon on very clear dnys. 
Analysis of the spectrograms taken during the 10-year 

eriod shows only one spectro ram with a wave-length 
f b i t  shorter than 300 mp. T%is was photographed on 
July 2, 1937, at  noon and showed a short wave-length 
limit of 298 mp. In general, the limit is about 304 mp. 
during the spring, summer and fall months and above 
306 mp during the winter. It should be emphasized, 
however, that these are general trends and that even in 
June, July, and August there are many days when the 
spectrum does not extend below 308 or 310 mp. and, 
likewise, there are clear clays during the winter when the 
spectrum extends to 302 mp. 
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TABLE 1.-Monthly mean intensities of direct solar radiation at nor- 
mal inc idence1  991-40 

Public HeaUh Bull. No. 939, 1937. 

Or.caI./sq. 
cm.lmin. 

564.6 

549.0 

651.0 

854. 1 

65.0 

857.8 

678.1 

645.4 

680.6 

673.1 

10 a. m. 

January _ _ _ _ _ _ _ _ _  _ _ _ _  _ _  
February - _ _ _ _ _ _ _  _ _ _ _  _ _  
March. _ _ _ _ _ _ _ _ _  _ _  _ _ _ _  
April.. __________._____ 
May- - _ _ _ _ _ _ _ _  -. . - -. 
June. - _ _  - - _ _  . .- __. - - - 
July ____-__  - _ _ _ _  - _ _ _ _  _ _  
August .._____________. 
Beptember. - - - _ _ _ _  - - 
October. _ _ _ _ _ _ _ _ _ _ _  ~ _ _  
November. - - _ _  - __. - - 
December -_______.__ _ _  

Date 

1.157 
1.046 
1.200 
1.107 
1.169 
1.158 
1.084 
1.101 
1.079 
1.085 
1.057 
1.046 

Gr.cal./sq. 
cm.lmin. 

far. cal./sq. cm./mln.l 

12 m. 

1.187 
1.159 
1.310 
1.178 
1. 196 
1. Ids 
1.146 
1.168 
1.076 
1.148 
1.099 
1.121 

1.163 

2 p. m. 

0.997 
0.985 
1.212 
1.042 
1.027 
1. 180 
1.052 
1.109 
1.114 
1.088 
0.9e4 
1.023 

1. oe9 

Absolute 
Z e X i m U m  

1.360 
1.380 
1.501 
1.210 
1.496 
1.291 
1.217 
1.247 
1.198 
1.230 
1.178 
1.240 

.-_ -_____  -. 

Date 

Jan. 14,1931 
Feb. 2,1933 
Mnr. 7.1931 
Apr. 22.1931 
May 1.1840 
June 14,1983 
July 2.1931 
Aug. 12,1940 
Sept. 28,1981 
Oct. 12,1936 
Nov. 20, I940 
Dec. 20,1939 

TABLE 2.-Hourly mean intensities of total radiation (direct and 
diffuse) received on a horizontal surface-All days, 1981-40 

[Or. cel./sq. cm./min.]. 

Hour ending 
ing (appar- 7 

ent time) 

_- - 
January ____. 0.003 0. 
February.-. .GO5 . 
March ...___ ,027 . 
April- - - - - - - - .066 . 
May ...____. .126 . 
June _______. .206 . 
July ________. .166 . 
August ._.__. ,126 . 
September-- ,091 . 
October ...__ .C47 . 
November.. .011 . 
December ... .002 . 

8 9 10 11 

-I-l--l-l 
045 0. ld4 0.33410.4601 
068 .220 .403 ,530 
153 .346 .551 .704 
251 .469 .650 .810 
325 .547 .731 .867 
408 .627 .775 .910 
374 .569 .705 .806 
334 .544 .701 .780 
287 .523 .698 .So0 
210 ,442 .639 .780 
125 ,301 .489 ,621 
052 .177 .336 .474 

12 

- 
0.542 
.014 
.796 
.884 
,929 
.e67 
.849 
.n2 
.866 .m 
.m 
.633 

0.555' 
.628 
,804 
.eo2 
.930 
.941 
.a0 
.790 .w 
.812 
.681 
,632 

0.501 0.394'1 
.611 .509 
.749 ,623 
.844 .706 
.818 .749 
.892 ,737 
.738 .619 
.736 .I333 
.771 .I343 
.730 .573 
.696 .437 
.469 ,373 

0. 2.102'1 . 171 
.230 
,324 
.376 
.434 
.330 
.316 
.265 
. I 6 2  
.076 
.OM 

3.012 
,041 
.075 
.I37 . 167 
.195 
.202 
.158 
.lo? 
.036 
.o08 
.002 

201.0 
247.8 
325.1 
3%. 3 
430.5 
459.1 
398.7 
365. 1 
379.8 
33i. 7 
256.6 
190.5 

TABLE 3.-Maximum intensities (direct and diffuse) as received on a 
horizontal surface - - 

Yea 

- 
1931 

1933 

1933 

1934 

1935 

1936 

1937 

193.9 

1939 

1940 

- 

May 24. _.____.____..._______---...---- 
12 m.-1 p. m. 

Oct. 6 .___.___....._____.__._..._.._.____ 
11 a. m.-12 m. 

June 10 .__.._...__._____...--.-...-.---. 
11 a. m.-12 m. 

Apr.24 ................................. 
12 m.-1 p. m. 

Sept. 2 .._____.....__.___.__.__...____.__ 
11 8. m.-l2 m. 

Sept. 4. ____. . . . . . .. . ~. . -. - -. _.____..___ ~ 

1 p. m.-2 p. m. 
June 16.. . -. ~. .. . . . _ _  _.___ _____.___ _ _ _ _ _  

11 a. m.-12 m. 
May 5 .  --. .____..________ ~ _______.______ 

12 m.-1 p. m. 
May 8.. - -. __. _ _  _ _  _ _ _  _ _  ______. ~ _ _ _ _ _ _ _ _ _  

11 a. m.-12 m. 
May 14. _ _ _ _  _ _  .. ..__. __.________ ~ _ _  _ _ _ _  

12 m.-1 p. m. 
August 18 ...-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  

11 a. m.-12 m. 
Apr. 20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

12 m.-1 p. m. 
May 13. - _ _ _ _  _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  - 

11 a. m.-12 m. 

I 

1.312 

1.227 

1.345 

1.418 

1.386 

1. 624 

1.470 

1.620 

1.561 

1.608 


